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Abstract. The study focused on the hydrogeology of Erinjiyan Ekiti, southwest Nigeria, with major lithological units consisting 

of migmatite, granite gneiss, and older granite. The study involved electrical resistivity; hydrological studies; hydraulic 

measurement/estimation; borehole logging; and hydrogeochemical analysis. The results indicate runoff, runoff coefficient, and 

expected groundwater recharge to be 925 mm, 61.7%, and 300 mm respectively. The combination of KH and HKH are the 

dominant curve types accounting for 80.9% of the curve types. The weathered layer and unconfined/confined fractured basement 

are the major water bearing units, and more prolific where there is basement depression. The longitudinal unit conductance (0.04-

1.76 mhos; avg. 0.3895mhos) and reflection coefficient (0.38-0.99; avg. 0.7929) suggest poor protective capacity and good 

groundwater prospect respectively. The yield capacity (0.64-1.99 L/s), hydraulic conductivity (0.32-0.95 m/d), transmissivity 

(1.92-16.71 m²/d) also suggest clay-sand mixture aquifer depicting a semi-permeable material. Hydrochemical facies of the 

groundwater fall within strong acids exceed weak acids, and where no one cation-anion pair exceeds 50%. The physical and 

bacteriological characteristics of the water were above standard maximum permissible limits for drinking water, while the 

chemical parameters are within standard specification. Most parts (46 %) of the study area are characterized by moderate 

potential water bearing units and cut across the entire north eastern part of the study area. The areas with good groundwater 

zones recommended for drilling is only feasible in the southern part with an aerial coverage of 10%. However, water treatment 

is highly expedient before drinking.  
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1. INTRODUCTION 

 

The science of water movement through soils and rocks is known as hydrogeology (De Marsily, 1986; Hiscock, 

2005). Hydrogeology in practice necessitates a complete grasp of the natural processes of groundwater recharge, 

flow, and chemical development, as well as a full awareness of the technology available for groundwater evaluation, 

exploitation, and protection. (Fetter, 2007; Omer, 2018). In many parts of the world there is an urgent need for the 

development of new groundwater supplies and frontier new groundwater basins (Raju, 2012; Raju et al., 2011). 

Population expansion in many developing countries has put pressure on available water supplies (Cox et al., 1996). 

Therefore it has become a common goal of all countries to increase economic production and expansion of water 

supply scheme to accommodate increasing urbanization and civilization flourishing in many countries (Zhu and 

Ierland, 2012; Bisson and Lehr, 2004). This development requires reliable water supply data to improve and better 

the lifestyles of the citizens. Out of the many sources of water supply (stream, underground water, fresh water, ocean, 

lake, glaciers, sea, etc.) groundwater is the most sought after water supply resource of tremendous uses (Todd, 2004; 

Freeze and Cherry, 1979). The reliance of groundwater is as a result of its intrinsic properties such as constant 

temperature, excellent quality and low contamination potential index. 

Groundwater is a geologic resource, of valuable geologic origin that can be extracted from the earth (Osgrove and 

Loucks, 2015; Schwartz and Zhang, 2003). Of all geologic resources present on earth, groundwater is the only 

renewable resource, and it is believed to have significant protection from surface contaminants with its different 

subsurface layers overlying the aquifer acting as a natural filter to any infiltrating water (Focazio et al., 2002; Jain et 

al., 2010). Groundwater lies beneath the ground surface filling the pore spaces between grains in bodies of sediment 

and clastic sedimentary rock, and filling cracks and crevices in all types of rock. Groundwater flows in rock and soil 
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layers of the earth until it discharges as a spring or as seepage into a stream, lake or ocean (Verruijt, 1970). 

Groundwater is about 60 times as plentiful as freshwater in lakes and rivers on the land surface (not including water 

stored as ice in glaciers). Groundwater is formed when about 15% of the water that falls on land percolates into the 

ground. The slope of the water table and the permeability of the rocks influence groundwater velocity (Reghunath, 

1987). Groundwater velocity depends on rock permeability and the slope of the water table. Since groundwater is a 

widely used source of drinking water, contamination of groundwater can be very serious problem. However chemical 

(pesticides, herbicides, fertilizers) application to agricultural crops (EPA, 1977; Collins and Jenkins, 1996) can find 

their way into groundwater through percolation downward into the soil, landfill, household wastes/chemicals, septic 

tanks, sewage plants, and abattoir effluents can contain viruses, bacteria, parasites that can contaminate groundwater 

(Srinivasamoorthy et al., 2008; Subba Rao, 2002; Siddiqui et al., 2005). Municipal solid waste landfill or dumpsite 

is a major environmental problem in the study area, especially when located at high proximity to inhabited areas 

(Singh et al., 2015).  

Therefore in exploring for groundwater, aquifer or water bearing units must be delineated. Aquifers are geologic 

units that can store and convey water at fast enough rates to supply wells with adequate water (Karanth, 1989; 

Raghunath, 1987). It's a permeable geological feature or body that can produce water in reasonable quantities. The 

aquifer is both very permeable and water-saturated. Sandstone, conglomerate, well-jointed limestone, sand and gravel 

deposits, and some fragmented or fractured volcanic rocks are all good aquifers. Aquitards are low impermeable 

layers that retain water and slowly transmit it from one aquifer to another, with clay sand and sandy clay being 

common examples (Brassington, 1988). Aquitard usually retards the flow of water through it. However, 

hydrogeological/hydraulic properties such as porosity, hydraulic conductivity, thickness, storability, transmissivity, 

specific capacity, geology of the aquifer, would determine the efficiency, viability, and performance of the aquifer 

(Badmus and Olatinsu, 2010; Eggleston et al., 1996). Porosity is influence by grain size, degree of sorting, hydraulic 

gradient, fabric or orientation of the particles (Fetter, 2007). If a sediment comprises a variety of grain sizes, for 

example, the porosity will be reduced because the smaller particles will fill the blank areas between the bigger grains 

(Delleur, 1999; Alley and Leake, 2004). The lower the porosity, the larger the range of grain sizes. Because plutonic 

rocks are made up of interlocking crystals, they are assumed to have poor porosity. Weathering and fracture increase 

the total porosity of the rock. The weight of the overburden puts pressure on the rock at depth, causing it to fracture 

and be eroded away. Tectonic forces that cause bending, fracturing, or shearing can also aid increase rock porosity. 

Weathering, which occurs as a result of chemical decomposition and physical disintegration, is more effective at 

increasing rock porosity (Delleur, 1999). 

Erinjiyan, is a town in Ekiti West Local Government of Ekiti State, Nigeria having difficulty in groundwater 

supply. Two major boreholes developed in the area had since stopped functioning due to low yield, screen problem 

(clay/silt encrustation which blocked the screen and resulted to pump damage), and faulted/damaged solar power that 

energizes the pump. All efforts to repair the boreholes proved abortive due to stringent administrative protocols it 

entailed. Recently a borehole water supply was also given to the community through government-community 

initiative and ended as only functional one in the area. The success was attributed to sound hydrogeological 

survey/investigation that preceded the drilling programme (Adagunodo et al., 2018; Ndatuwong and Yadav, 2014). 

Consequently it beckons on the government, community and individuals to embrace extensive hydrogeological 

studies of the area to extend the existing water supply scheme and locate viable/economic water bearing geological 

units. This would require understanding of the lithological characteristics of the subsurface soil/rock and flow 

direction (Louis and Grambas, 2002). The knowledge of their formation, hydrochemical assessment (Alam et al., 

2012) and changes they had undergone in their geological history is vital to their exploration (Oloruntola and 

Adeyemi, 2014; Jatau et al., 2014; Olatokunbo-Ojo and Akintorinwa, 2016). Identification of parts of an aquifer, 

basin, or groundwater location that are partially exposed to contamination from industrial, agricultural, or waste 

disposal operations is an important feature of groundwater/aquifer characterisation (Adetunde et al., 2011; Bayewu 

et al., 2018). The process of vulnerability assessment or mapping is used to identify these contaminants using 

hydrogeologic data and/or other criteria (Singh et al., 2015; Domenico and Schwartz, 1990).   

Therefore, this study is aimed at carrying out the groundwater resource potential of Erinjiyan Ekiti in terms of 

availability and quality; with a view of estimating the geoelectric layer parameters to identify the aquifer types, 

evaluate the groundwater potential and overburden protective capacity over the aquifer (Majumdar and Pal, 2005; 

Olayinka and Oladunjoye, 2013; Falowo et al., 2017). The area was chosen due to difficulty of the inhabitants of the 

area in assessing groundwater especially through shallow well and borehole. Bayowa et al. (2014) conducted a 

preliminary inquiry encompassing the collection, interpretation, and analysis of hydrogeomorphological data, which 

revealed that the studied area has limited groundwater potential (Figure 1). Therefore in order to substantiate or 

confirm this conclusion, this study was undertaken using integrated approach to delineate the geologic sections, and 

obtain stratigraphic information of the water bearing layers (Ademilua and Eluwole, 2013; Akinrinade and Adesina, 
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2016) and overlying material (for vulnerability studies); carry out aquifer test analysis to determine the 

hydrogeological properties of the aquifer (Gogoi, 2013). 

The measurement of subsurface physical or contrasts in subsurface characteristics, such as elastic moduli, 

resistivity, dielectric properties, density, and so on, is covered by geophysical methods (Burger, 1992). Electrical 

resistivity is a popular geophysical approach for groundwater exploration (Abdullahi et al., 2015; Chaanda and 

Alaminiokuma, 2020; Bawallah et al., 2019; Alaminiokuma and Chaanda, 2020), as it may be used to determine the 

thickness and resistivity of weathered zones, aquifer extent, bedrock topography mapping, and the identification of 

abnormal fractured zones. Profiling is the measuring of lateral variations in electrical properties across a constant 

subsurface depth in an electrical approach. The term "sounding technique" refers to a set of measurements made as 

a function of depth and associated with a single surface location (Bhattacharya and Patra, 1968). Electrical resistivity 

is the most adaptable approach for investigating groundwater (Sajeena et al., 2014). 

 

 
Figure 1. Hydrogeomorphological Map of Ekiti State showing Erijiyan Ekiti (Source: Fieldwork/Satellite Imagery done by 

Bayowa et al., 2014) 

 

2. MATERIALS AND METHODS 

 

2.1. Study Area 

Erinjiyan – Ekiti, also called the Golden City, is located within latitude 7°30’ and 7°45’ and longitude 4° 23’ and 5° 

05’ (Figure 2). It is one of the one hundred and forty towns and villages that makes up Ekiti state. It is about thirty 

kilometers from Ado-Ekiti, the capital of Ekiti state and sits close to Ikogosi. Like most towns in Ekiti state, it is a 

town surrounded with hills, streams and springs. Erinjiyan is characterized by an undulating topography with 

elevation ranging from 437 m to 496 m. Annual rainfall varies between 1000 – 1500 mm and 250 – 500 mm during 

the dry season. The annual temperature between 25°C in July to 32°C in February with mean temperature of 27°C 

(Iloeje, 1981). 

 

The Erinjiyan-Ekiti people are predominantly farmers, engaging in trading activities, selling their farm produce 

within and without the town. They cultivate crops like yams, local rice called ofada, corn, cocoyam, plantain, banana, 

and palm oil. They also sell cash crops in quite large quantities to traders from other major towns like Ado, Ibadan, 

etc. Erinjiyan town is divided into eight quarters: Inisa, Osasin, Igbeyin, Ilofi, Iwaro, Igemo, Aaye, and Oketere. Omi 

Erin Ayonigba is a river that has its origins in Erinjiyan Ekiti's Oketere quarters. During the rainy season, this river 

and its tributaries provide the town with water. However, the area's water sources are insufficient to suit the people's 

needs. The research region lies in southwestern Nigeria's Basement Complex, which has been widely investigated 
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(Obaje, 2009). Despite the fact that most of the rocks are obscured by varying degrees of overburden, exposed 

portions of them can be seen in a few places. Migmatite-gneiss, granite gneiss, and older granites are the main 

lithologic units found in the area (Figure 3). Early gneiss, mafic and ultramafic bands, and granitic or felsic 

components make up the migmatite-gneiss. These are the most common rock types found in the research region. 

Porphyritic-biotite granite is one of the oldest granites. Quartz, alkali feldspars, plagioclase, orthopyroxene, 

clinopyroxene, hornblende, biotite, and a little quantity of opaque mineral apatite, zircon, and allanite make up the 

charnockitic rocks that occur in conjunction with earlier granite (under hand lens). The Erin Ayonigba River is the 

main source of surface water in the research region. Small tributaries that join the big rivers are another example. 

The level of water in the river/tributaries varies according to the seasons.  Conclusively, Erin Ayonigba river, about 

ten shallow wells and one borehole are the major groundwater sources in the area. The aquifer units are the weathered 

mantle or jointed/fractured rock and buried stream channels. 

 

 
Figure 2. Physiographic and Location map of the Study Area 

 

2.2. Data and Methodology  

The methods used in this study include literature review, field investigation, laboratory analysis and data analysis 

using different software. However the following technique of investigation was adopted: 

(i) Hydrological Studies 

In an attempt to determine the precipitation information of the area, several formulae were used: 

(a). Runoff was determined using Khosla’s formula (Subba Rao, 2017). 

𝑅 = 𝑃 −  [(22.8𝑇 − 40.57)]      1. 

where R is runoff in mm, P is rainfall in mm, and T is temperature 

(b).   The runoff percentage which is an expression of runoff in percentage (%), depends on annual rainfall (Subba 

Rao, 2017). The Binnie’s percentage (Table 1) was used for this study. The runoff coefficient is estimated using 

equation 2. 

Runoff coefficient (%) = 
𝑅𝑢𝑛𝑜𝑓𝑓

𝑅𝑎𝑖𝑛𝑓𝑎𝑙𝑙
 × 100    2. 

(c)   Groundwater Recharge: Groundwater recharge is a function of downward movement of water from the surface 

to groundwater table. This was determined using Krishna Rao’s (Subba Rao, 2017) relationship of rainfall with 

groundwater recharge (equation 1) as shown in Table 2. 

𝐺 =   𝐾(𝑃 − 𝑋)       3 

where, G is groundwater recharge (mm), K is constant (see Table 2), X is annual rainfall (mm) which yields no 

groundwater recharge, and P is precipitation (mm). 
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The extent and rate of precipitation not lost to surface runoff and evapotranspiration; the initial soil moisture 

content or saturation ratio of the soil; the elevation of the recharge surface relative to the discharge area; the horizontal 

and vertical hydraulic conductivity of the aquifer being recharged and its hydraulic gradient; and the presence of 

man-made alterations to the subsurface are all factors that influence real groundwater recharge (Maidment, 1993). 

(Delleur, 1999; Adeleke et al., 2015; Domenico, 1972). 

 
Figure 3. Geologic map of Ekiti State showing the Study Area. Modified after Nigeria Geological Survey Agency, 2006. 

 

Table 1. Runoff Percentage (Subba Rao, 2017)   

Annual rainfall (mm) Runoff (%) 

500 15 

600 21 

700 25 

800 29 

900 34 

1000 38 

1000 40 

1500 >50 

 

Table 2. Krishna Rao’s relationship of rainfall and groundwater recharge (Subba Rao, 2017) 

Areas with rainfall range 

G  =  0.20 (P – 400) For an area with annual rainfall (P) in between 400 and 600 mm 

G  =  0.25 (P – 400) For an area with annual rainfall (P) in between 600 and 1000 mm 

G  =  0.30 (P – 500) For an area with annual rainfall (P) in between 1000 and 2000 mm 

G  =  0.35 (P – 600) For an area with annual rainfall (P) of more than 2000 mm 
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Figure 4. Data Acquisition map showing the traverse lines for VES, borehole drilling points, Groundwater Quality Sampling 

points 

ii. Electrical Resistivity 

The electrical resistivity approach was used in the geophysical investigation. Vertical electrical sounding (VES) 

approach was used with a Schlumberger array with a maximum electrode separation of 225 m for twenty-one sites 

(Fig. 4). The data was collected using a PASI resistivity meter with a 12 volt direct current battery, four stainless 

non-polarized electrodes, and two potential electrodes. Electrical wires were used to connect the electrodes to the 

resistivity meter. 

The VES stations were selected based on geology, terrain/topography, and accessibility. With the use of a 

geographic positioning system, every VES station was properly geo-referenced. The VES data were provided as 

depth sounding curves, which were quantitatively evaluated using partial curve matching and computer assisted 1-D 

forward modeling using resist software (Markus et al., 2018; Olasehinde et al., 2015). The interpretation results were 

used to generate the geoelectric section for geoelectrical characterization (Loke, 1999; Aina et al., 2019).  

The longitudinal unit conductance using equation 4, was used to predict the vulnerability of the water to pollution, 

using the geoelectrical parameters (Bhattacharya and Patra, 1968; Loke, 1999). 

   𝐿𝐶 =  ∑
ℎ𝑖

𝜌𝑖

𝑛
𝑖        4  

where LC is longitudinal conductance,  ℎ𝑖 and  𝜌𝑖 are the thickness and resistivity of 𝑛𝑡ℎ layer respectively. 

𝑟 =  
(𝜌𝑛− 𝜌)(𝑛−1)

𝜌𝑛+ 𝜌(𝑛−1)
      5 

where r is reflection coefficient,  𝜌𝑛 is the layer resistivity of the nth layer and 𝜌(𝑛 − 1) is the layer resistivity 

overlying the nth layer. Groundwater viability can thus be anticipated based on overburden thickness and/or reflection 

coefficient (Bayewu et al., 2018; Robinson and Coruh, 1988). Where the fissured basement underlies rather thick 

overburden, the best groundwater yield is frequently found (Oladapo and Akintorinwa, 2007).  

 

iii. Borehole logging 

Aquifer characteristics are very critical in assessing the groundwater resources of a particular area for sustainable 

planning and management (Assaad et al., 2004; Brassington, 1988; Shutter and Teasdale, 1981). Information/records 

on existing borehole records (logs) were assessed and processed. Before drilling operation, geological field 

investigation was done in order to differentiate the rock unit in relation to potentiality to harbour groundwater based 
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on the degree of fracturing and extent/depth of weathering. Two boreholes were drilled in addition to borehole 

information record collected for a government drilled borehole water supply (Figure 4). The boreholes were drilled 

at two different positions and depths using direct rotary method. The groundwater flow direction was determined by 

measuring the depth to water level which is also known as static water level (SWL) and subtracted from the elevation 

above sea level (ASL) measured by Global Positioning System (GPS). The value obtained known as hydraulic head 

was then plotted on a map to determine the flow direction. 

 

iv. Hydrogeological Measurements 

Groundwater investigations need the evaluation of the physical parameters of water bearing units (Tizro et al., 

2009). The yield capacity, hydraulic conductivity, reservoir capacity, transmissivity, storability, and specific capacity 

of an aquifer are all determined using the borehole pumping test.  (Shukla and Raju, 2008; Hamidu et al., 2016). It 

helps in assessing overall performance of the aquifer that can provide portable water resources to address the 

challenges of failed borehole. The yield of an aquifer can be determined by pumping test. For determining the 

productivity of the aquifers within the study area, continuous pumping test data from two boreholes drilled were 

used. The discharge is proportional to drawdown. The yield per unit drawdown or specific capacity of a well depends 

upon radius of the of influence, depth of drawdown, depth of well in the aquifer, diameter of the well, porosity of the 

water bearing strata, inclination of the aquifer, and direction of flow of water (Logan, 1964; Bear, 1979). For this 

study, the estimation of transmissivity (T), hydraulic conductivity (K), and storativity (S) of the water bearing units 

was determined from Jacob’s, Chow’s, and Theis’ methods respectively, as shown in equations 6-8. 

   𝑇 =  
2.303𝑄

4𝜋∆𝑆
      6 

   𝐾 =  
𝑇

𝑏
       7 

   𝑆 =  
𝑢4𝑇𝑡

𝑟2       8 

 

where T is transmissivity (m2/day), Q is well discharge (m3/day), S is storativity, r is distance between wells (m), K 

is hydraulic conductivity (m/day), b is aquifer thickness (m), u is argument of the well (
𝑆𝑟2

4𝑇𝑡
) , ∆𝑠 is drawdown (m). 

 

v. Hydrogeochemical Analysis 

Wells is the secondary source of water used for the extraction of groundwater to fill domestic, municipal, industrial 

and irrigation needs. Well has also been used to control salt water intrusion, remove contaminated water from an 

aquifer, lower the water table for construction projects, relieve pressures under dams and drain farm lands. Thus, for 

hydrogeochemical investigation, five water samples (one hand dug well, two streams and two boreholes) were 

collected (Fig. 4) into properly cleaned and labeled one liter plastic bottles. The water flowing in the stream is from 

overland flow/groundwater that has seeped into the stream bed. Thereafter in-situ measurements for the physical 

attributes of the water samples were made before laboratory analyses. Colour, temperature, pH, turbidity, 

conductivity, total dissolved solids, total suspended solids, total hardness (calcium and magnesium hardness), nitrate, 

iron, total alkalinity, bicarbonate, fluorine, chromium, sulphate, copper, chloride, magnesium, calcium, manganese, 

sodium, Total coliform, E. coli, and Enterococcus faecalis are among the parameters that have been tested. The 

procedures for collecting and analyzing water samples as laid out by the American Public Health Association (APHA, 

1985; Allen, 1974) were strictly followed (Sakram and Adimalla, 2018; Hem, 1985). The water quality analyses in 

the research area were represented and compared using a Piper diagram. 

 

3. RESULTS AND DISCUSSION 

 

Hydrological Characteristics: The average annual rainfall and temperature of the study area is 1500mm and 27°C, 

these when used to compute the runoff, runoff coefficient, and expected groundwater contribution to recharge, gives 

925 mm, 61.7% and 300 mm respectively.  This shows that runoff in the study area would be high due to nature of 

the terrain (highly and steeply rocky environment) with moderate cultivation. This steep topographical feature 

enhances runoff, while the portion of runoff contributing to groundwater recharge is low (Lerner et al., 1990; Ponce, 

1989). 

Electrical Resistivity: The individualities of the geoelectric curves varied greatly as typical of the basement complex 

terrain. They include three layer H-type (14.3%), through four layer HA-type (4.8%), KH-type (57.1%), and to five 

layer HKH-type (23.8%). The combination of KH and HKH curve types account for 80.9% of all the curve types. 

This is an indication of the degree of heterogeneity within the weathered profile and fracturing of the basement. The 
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significance of this curve type implies weathered layer and unconfined/confined aquiferous unit at depth(s) which 

depends on the degree of weathering and fracturing (Adepelumi et al., 2013). The summary of the geoelectric 

parameters and inferred lithologies is presented in Table 3, while typical geoelectrical curve are shown in Figure 5.  

 

  
Figure 5. Typical geoelectrical Curves 

 

(a)  

 

   (b)    
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 (c)     

 

 

(d)  

 

  (e)    

 

Figure 6. Geologic Sections (a-e) along Traverses 1 to 5 respectively 
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Table 3. VES Interpretation Results 

North East Elevation        

(m) 

VES 

 NO. 

Resistivity (Ohmns-meter) Thickness (m) Depth (m) Curve 

Type 

R LC 

𝜌1 𝜌2 𝜌3 𝜌4 𝜌5 ℎ1 ℎ2 ℎ3 ℎ4 𝑑1 𝑑2 𝑑3 𝑑4 

721350 841657 452 1 46 163 24 6236  1.1 5.5 15.5  1.1 6.6 22.2  KH 0.99 0.70 

721671 841499 457 2 219 47 286 2420  4.2 29.2 15.4  4.2 33.4 48.8  HA 0.79 0.69 

721928 841374 467 3 262 325 60 1215  0.7 6.2 17.9  0.7 7.0 24.9  KH 0.91 0.32 

721635 840983 456 4 140 405 45 1000 

 

0.8 6.4 27.5 

 

0.8 7.2 34.7 

 

KH 0.91 0.63 

721667 840696 437 5 102 229 80 402  0.7 14.2 47.6  0.7 14.9 62.5  KH 0.67 0.66 

721360 841746 456 6 168 746 52 816 

 

1.7 3.1 33.2 

 

1.7 4.8 38.1 

 

KH 0.88 0.65 

721452 841986 457 7 107 330 26 990  0.5 6.7 19.0  0.5 7.2 26.2  KH 0.95 0.76 

721718 842009 451 8 205 293 48 2063 

 

1.1 4.3 34.9 

 

1.1 5.3 40.2 

 

KH 0.95 0.75 

721592 841995 443 9 337 260 523 136 448 0.7 4.6 5.9 22.9 0.7 5.3 11.2 34.1 HKH 0.53 0.08 

721450 842079 460 10 117 680 42 1392  1.6 4.2 22.1  1.6 5.7 27.8  KH 0.94 0.55 

721393 842076 465 11 305 147 323 49 450 0.5 2.4 5.9 13.5 0.5 2.9 8.8 22.3 HKH 0.80 0.07 

721345 842416 478 12 115 451 99 625  1.2 5.7 63.8  1.2 6.9 70.7  KH 0.73 0.67 

721612 842898 496 13 100 263 29 1062  0.9 7.0 14.3  0.9 7.9 22.2  KH 0.95 0.53 

721378 842032 462 14 83 443 63 512  1.1 3.2 29.6  1.1 4.3 33.9  KH 0.78 0.49 

721324 841835 456 15 173 45 305 22 940 0.7 1.0 1.5 10.2 0.7 1.7 3.2 13.5 HKH 0.95 0.04 

721224 841428 447 16 105 48 401 35 1012 0.9 1.2 2.6 11.5 0.9 2.1 4.7 16.2 HKH 0.93 0.05 

721107 841348 449 17 111 98 287 55 876 0.8 0.9 1.9 14.6 0.8 1.7 3.6 18.2 HKH 0.88 0.04 

720394 840650 456 18 98 223 875   2.8 18.8   2.8 21.6   H 0.59 0.11 

721051 841853 476 19 122 389 102 703  1.1 7.9 25.6  1.1 9.0 34.6  KH 0.75 0.28 

720125 840252 452 20 223 455 1003   3.3 16.5   3.3 19.8   H 0.38 0.05 

720025 839968 459 21 235 395 896   0.9 20.3   0.9 21.2   H 0.39 0.06 
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The geoelectric interpretations revealed three to five layers, as follows: topsoil (46–337 ohm-m; 161 ohm-m avg.), 

thicknesses (0.5 – 4.2 m, 1.3 m avg.), composed of clay, sandy clay and clayey sand; clay/sandy clay/clay sand/sand 

(45-746 ohm-m; 306 ohm-m avg.), thicknesses (0.9 – 29.2 m, 8.0 m avg.); the weathered layer, which is composed 

of clay/sandy clay and clayey sand/sand (24–1003 ohm-m; 265 ohm-m avg.), thicknesses (1.5 – 63.8 m, 21.3 avg.); 

the partly weathered/fractured layer (22–6236 ohm-m; 1096 avg.), thicknesses (10.2 – 22.9 m, 14.5 m avg.); and the 

fresh basement (448–1012 ohm-m; 745 ohm-m avg.). The aquifer/aquitard unit in the study area is basically found 

in the weathered layer and confined/unconfined fractured basement which were only delineated in few places.  

 

 
Figure 7. Overburden thickness map and water bearing geologic units with measured static water level 

 

The geoelectric sequence along five established traverses are shown in Figure 7. Traverse 1 (Fig. 6a)  shows the 

only water bearing unit to be the weathered layer, however the composition of the weathered layer inferred from the 

resistivity value of 45 – 286 ohm-m is clay/clay sand with thickness of 15.4 under VES 2. Consequently the water 

bearing unit is likely to be an aquitard, i.e. subsurface geological material that can store but poorly transmit water. 

Geologic section (especially the profile of the weathered layer) along traverse 2 (Fig. 6b) is similar to traverse 1; the 

weathered layer and the fractured basement (especially under VES 15 with thickness of 10.2 m) are the only water 

bearing units.  The resistivity of the fractured basement (22 ohm-m) suggests water filled geological zone/formation. 

The borehole (BH-1) drilled beside VES 1 with static water level (SWL) of 15.5 m and depth of 37 m had since 

stopped functioning while existing well had dry off, as at the time of conducting this research. The well (WL – 1) 

adjacent the borehole is seasonal, as its being recharged by atmospheric discharge by precipitation. The depth of the 

well is 8 m and SWL is 5.4 m. Both the well and the borehole are within the depth of the weathered layer. However 
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the failure of the borehole could due to low recharge or installation/mechanical fault. Although it is expected that 

well performance will deteriorate after a few years of operation, resulting in drawdowns and higher pumping costs 

due to yield reduction caused by chemical encrustation, clogging caused by bacteriological activity, sand/clay 

plugging of the formation around the well screen, and screen corrosion (Delleur, 1999). 

 

 
 

 
Figure 8. Columnar sections of borehole with drilling information for DBH-1 and 2 

 

The third traverse (Fig. 6c) shows sequence consisting of topsoil, clay sand/sand, clayey weathered layer, and 

partly weathered/fractured basement. The only productive government borehole in the area, along this traverse was 
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drilled into the weathered layer (30 m depth). The cuttings/chippings from drilling showed the formation to be clayey 

sand, which correlates partially with the resistivity of the weathered layer, since it’s expected to be clay. This little 

disparity could be attributed to water/moisture content of the formation, which consequently lowered the resistivity; 

as resistivity is influenced by local variation in surface conductivities, caused by weathering and moisture content. 

In addition, it was noted along this traverse that zones where the basement relief is valley-like/depressed in form, the 

water bearing unit seems to be viable especially under VES 8, while the fractured basement (49 – 323 ohm-m) shows 

good prospects. 

 

 
Figure 9. Piper Diagram showing the relative cations and anions composition of the Groundwater in the study area 

  

Along traverse 4 (Fig. 6d), one of the existing government borehole, with drilling depth of 38m and SWL of 17 

m (as at the time it was functioning) under VES 19 functioned only for six months. The geological sequence under 

VES 19 shows good prospect for groundwater accumulation with high overburden thickness (34.6 m). This comprises 

the topsoil (105 – 122 ohm-m), clay sand (389 ohm-m), weathered layer (48 – 102 ohm-m), partly 

weathered/fractured/fresh basement (35 – 1012 ohm-m). Therefore the failure of the borehole could be due to usage, 

encrustation of the screen by clayey material or pump installation issue. The geologic section along traverse 5 (Fig. 

6e) shows that the weathered layer is the only groundwater bearing unit with resistivity variation of 223 – 455 ohm-

m, composing of clay sand and sand, with thickness of 18.8 – 20.3m. In addition to the characteristics of the weathered 

layer, the basement relief also influences the accumulation of groundwater in this vicinity. Furthermore, the existing 

well and borehole were logged along this traverse with depth of 13 m and 24 m respectively, the water column is 9 

m and SWL of 4 m. These two water supply units are serving many households in the town. 

The obtained resistivities and thicknesses derived from geologic layers were used to compute the longitudinal unit 

conductance (LC) of the layers. Table 3 shows the calculated longitudinal unit conductance in mhos. The soil in the 

research area had longitudinal unit conductance values ranging from 0.04 to 1.76 mhos, with an average of 0.3895 

mhos.  Hence using Table 4, the groundwater protective capacity varies from poor – moderate, while taking the 

average value, the protective capacity is weak. Table 3 shows the reflection coefficient of the water bearing units 

which varies from 0.38 to 0.99 and average of 0.3929. Consequently using Table 4, the groundwater yield/prospect 

in the study area is expected to be moderate. The overburden/depth (Fig. 7) of weathering map shows that the area is 

dominated by clayey water bearing unit and this constitutes about 60%, while sand aquifer and confined/unconfined 

fractured basement aquifer unit constitute 25% and 15% respectively. In addition, the map shows high overburden 

in NW – SE trend, with thickness greater than 30 m. Though unconfined aquifers can hold more water than others, 

they are more vulnerable to contamination from surface sources due to the lack of a protective confining bed above 

them (Rajasekhar et al., 2014). As a result, effort must be taken to ensure that contamination sources above the 

unconfined aquifer being evaluated for use as a water supply are removed and remedied. 
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Table 4. Longitudinal unit conductance and corresponding protective rating (modified after Oladapo and Akintorinwa, 2007) 

Total Longitudinal 

unit  

Conductance (mhos) 

Rating of 

overburden’s  

aquifer protective 

capacity 

Overburden 

Thickness 

(m) 

Reflection 

Coefficient 

Groundwater Yield 

<0.10 Poor >15 >0.5 High 

0.1 – 0.49 Weak >15 <0.5 Medium 

0.5 – 0.99 Moderate <15 >0.5 Low 

1.0  - 4.99   Good <15 <0.5 Very Low 

5.0 – 10.0 Very good    

>10.0 Excellent    

 
Table 5. Borehole/Well hydraulic results 

East 

(m) 

North 

(m) Elev. 
T.D 

(m) 

SWL 

(m) 

Hydraulic 

Conductivity 

(m/d) 

Transmissivity 

(m²/d) 

Yield 

(L/s) 

Geology 
Field 

condition 

Water 

Source 

721399 841668 458 8.5 7.0 0.48 1.92 0.75 MG productive Well 

721399 841687 486 33.5 15.5 

0.73 12.41 

1.75 GG  Not 

productive 

Borehole 

721005 841860 452 29 17 

0.77 16.71 

1.99 GN Not 

productive 

Borehole 

720421 840591 456 13 4 0.32 2.88 0.64 GG productive Well 

720071 840085 459 25 13 0.95 14.25 1.81 GN productive Borehole 

 

Table 6. Order of magnitude of K for different kinds of rock (Bell, 2007) 

Geological Classification       

    K (m/d) Unconsolidated Materials 

          Clay 10-8       -   10-2 

          Fine sand 1           -   5 

          Medium sand 5           -   2×101 

          Coarse sand 2×101    -  102 

          Gravel 102            -  103    

          Sand and gravel mixes 5           -   102 

          Clay, sand, gravel mixes 10-3       -  10-1   

Rock  

          Sandstone 10-3    -  1 

          Carbonate rock with secondary porosity 10-2 – 1 

          Shale 10-7 

          Dense solid rock <10-5 

          Fractured weathered rock (Core samples) Almost 0  -   3×102 

          Volcanic rock Almost 0  - 103 

 

Borehole Logging: The type of parent rock, depth, amount and pattern of weathering, the sand/clay ratio, and the 

degree of fracturing, fissuring, and jointing all influence the occurrence of groundwater. Figure 8 shows the columnar 

section of drilled boreholes (DBH-1 and DBH-2) in the area. The column depicts five geological units based on 

physical observation/inspection of cuttings during drilling for DBH-1, and four unit for DBH-2. For DBH-1 (with 

drilling depth of 37 m), it consists of sandy clay topsoil, brownish sandy clay, clay-sand mixture, reddish clay-silt-

fine to medium sand mixture, partly weathered basement, and fresh basement rock (Granite). The thicknesses of these 

layers are 2 m, 7.5 m, 18 m, 5 m, 7.5 m, and ∞m. For DBH-2 (25 m depth), it composed of clay sand, sandy clay-

clayey sand-clay, clay-silt-sand mixture, and fresh basement (Granite gneiss). The combined partly weathered layer 

and clayey-silt-sand mixture constitute the major water bearing unit for DBH-1 and clay-silt-sand mixture for DBH-

2. This result correlates and corroborates the fractured and clayey weathered layer water bearing units showed by the 

geoelectric sections. As at time of conducting this research both boreholes are functioning well and serving the 

community. 
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Table 7. Classification of Water Bearing Geological Units based on Coefficient of Permeability (Singh, 2008) 
Class K (m/d) Examples 

Extremely permeable >10 Coarse sandstone, limestone and fissured crystalline rocks, pebbles, 

gravels 

Semi-permeable 10-0.1 Fine grained sands, loams, slightly jointed crystalline rocks 

Impermeable <0.1 Clays, marls, compact igneous rocks 

 

Table 8. Physicochemical and Bacteriological Parameters in the Groundwater of the Study Area 
Parameters/ Sample No. SP-1 SP-2 SP-3 SP-4 SP-5 WHO 

Standard 

Easting (m) 721717 721767 721363 721381 720421  

Northing (m) 841828 842238 842681 841758 840572  

Sample No. SMP-1 SMP-2 SMP-3 SMP-4 SMP-5  

Geology MG GN MG GN MG  

Water Source Well Stream Borehole Borehole Stream  

Location L.A Pry Sch Omi Erin Palace Area Roundabout Erin Ayonigba 

School 

 

Appearance Clear Slightly 

Coloured 

Clear Clear Slightly 

Coloured 

 

Odour Odourless Odourless Odourless Odourless Odourless Colourless 

Temperature (°C) 28.2 29.1 28.5 28.7 29.5 27 

pH 6.50 7.90 7.50 7.20 8.50 6.5-8.5 

Turbidity (NTU) 4.50 10.00 5.00 6.00 14.00 5 

Conductivity (μs/cm) 620 485 382 458 741 500 

TDS (mg/L) 422 545 335 285 660 600 

Total Hardness (mg/L) 280 165 295 298 258 100 

Calcium Hardness (mg/L) 155 102 167 188 149 50 

Magnesium Hardness (mg/L) 125 63 128 110 109 50 

Nitrate (NO3) (mg/L) 1.50 2.40 2.20 3.40 2.50 50 

Iron (Fe) (mg/L) 0.08 0.17 0.12 0.04 0.19 0.3 

Total Alkalinity (mg/L) 58.0 60.0 88.0 52.0 69.0 200 

Chloride (Cl−) (mg/L) 114.0 58.0 69.0 92.0 74.0 250 

Manganese (Mn2+) (mg/L) 0.01 0.01 0.03 0.01 0.01 0.30 

Calcium (Ca2+) (mg/L) 71.5 55.1 70.2 54.5 48.1 75 

Magnesium (Mg2+) (mg/L) 28.1 20.8 15.6 29.7 49.5 50 

Sodium (Na) (mg/L) 88.2 59.4 70.1 110.8 98.0 200 

Potassium (K) (mg/L) 54 72 65 73 70 100 

Chromium Cr6+) (mg/L) 0.00 0.00 0.00 0.00 0.00 0.05 

Sulphate (SO4) (mg/L) 2.00 4.00 3.00 1.00 2.00 400 

Copper (Cu2+) (mg/L) 0.01 0.01 0.01 0.00 0.01 0.05 

Fluoride (Fl) (mg/L) 0.88 0.45 0.50 0.29 0.28 1.5 

Bicarbonate (HCO3) (mg/L) 36.0 22.0 53.0 61.0 18.0 100 

Total Suspended Solid (mg/L) 246 298 187 199 302  - 

Total Coliform (Cfu/100ml) 37 21 34 18 20  0 

E-Coli (Cfu/100ml) 3 15 3 1 18  0 

Enterococcus Faecalis 

(Cfu/100ml) 

0 0 0 0 0 - 

 

Hydraulic Characteristics: The hydraulic properties of the wells and boreholes were determined through pumping 

test, since it’s one of the ways to effectively determine or estimate the physical properties of water bearing layers 

(Leonard et al., 2013; Kruseman and Ridder, 1991). The overall aim of carrying out this, are to locate suitable drilling 

point/location at lowest pumping cost; pumping water that would be free from sand and silt; well/borehole with 

minimum operating and maintenance costs; and well/borehole with a long and economical lifetime (Mazac et al., 

1985, 1990; Driscoll, 1986). Hydraulic conductivity (K) describes the ease at which liquid flows through a medium. 

It combines both medium and flow properties, unlike intrinsic conductivity which describes the water transmitting 

characteristics of a porous medium. Hence K gives general hydraulic properties of porous medium. Transmissivity 

(T) is simply the product of hydraulic conductivity and saturated thickness of the aquifer. The hydraulic conductivity 

of the water bearing units vary from 0.32 to 0.95 m/d and an average of 0.6457 m/d; the Transmissivity ranges from 

1.92 to 16.71 m2/d and an average of 9.5429 m2/d; while the values of yield is between 0.64 and 1.99 L/s (avg. 1.3671 

L/s) as shown in Table 5. Using Tables 6 and 7, the geological units fall within soil of clay-sand mixture depicting 

semi-permeable soil material. The static water level which is invariably the thickness of the vadose water zone, varies 

from 4 – 17 m with an average of 11.1 m. The total depth of the wells/boreholes varies from 8.5 m to 33.5 m and an 

average depth of 27.9 m (Table 5). 



Falowo 

Hydrogeological Investigation of Erinjiyan, Ekiti State, Nigeria 

 16 

 
Figure 10. Groundwater potential zonation map for the study area with predominant poor – moderate rating 

 

Groundwater Quality Characteristics:  The presence of suspended particles, bacteria, and viruses, as well as 

dissolved elements and gases, determine the quality of groundwater (Delleur, 1999; Bedient et al., 1994). 

Groundwater quality is determined by its natural and physical state, as well as changes caused by human activities 

(Andreatta et al., 2016). The chemical composition of the water bearing units and the water's journey time through 

the rock formation determine the dissolved elements and their concentrations in their natural condition.  For proper 

understanding of the quality of groundwater, the obtained range of values in the laboratory are compared with World 

Health Organization standard. The summary of the physicochemical and biological characteristics of the groundwater 

is shown in Table 8. The water sources include two boreholes, two streams, and one water well. The physical 

characteristics of the water show temperature (28.2 – 29.5 °C, 28.8 °C avg.), pH (6.5 – 8.5, 7.52 avg.), turbidity (4.5 

– 14.0, 7.9 avg.), electrical conductivity (282 – 741 μS/cm, 537.2 μS/cm avg.), and total dissolved solids (285 – 660 

mg/L, 449.4 mg/L avg.). The concentrations of the cations and anions are as follows: total hardness (165 – 298 mg/L, 

259.2 mg/L avg.), Ca-hardness (102 – 188 mg/L, 152.2 mg/L avg.), Mg-hardness (63 – 128 mg/L, 107 mg/L avg.), 

Nitrite (1.5 – 3.4 mg/L, 2.4 mg/L avg.), Fe (0.04 – 0.19 mg/L, 0.12 mg/L avg.), total alkalinity (52 – 88 mg/L, 65.4 

mg/L avg.), Cl (58 – 114 mg/L, 81.4 mg/L avg.), Manganese (0.01 – 0.03 mg/L, 0.014 mg/L avg.), Calcium (48.1 – 

71.5 mg/L, 59.88 mg/L avg.), Magnesium (15.6 – 49.5 mg/L, 28.74 mg/L avg.), Sodium (59.4 – 110.8 mg/L, 85.3 

mg/L avg.), Potassium (54 – 73 mg/L, 66.8 mg/L avg.), Sulphate (1 – 4 mg/L, 2.4 mg/L avg.), Copper (0 – 0.01 

mg/L, 0.008 mg/L avg.), Fluoride (0.28 – 0.88 mg/L, 0.48 mg/L avg.), and Bi-carbonate (18 – 61 mg/L, 38 mg/L 

avg.). 

The biological characteristics include total coliform (18 – 37, avg. 26), E.Coli (1 – 18, 8 avg.). However no trace 

of Enterococcus faecalis was found in the samples. All the measured parameters except physical and biological 

properties are above the World Health Organization standard for drinking water. The temperature (28.8 °C even 

though seasonal), turbidity (7.9NTU), electrical conductivity (537.2 μS/cm), total hardness (259.2 mg/L), total 

coliform (26)/E.coli (8) are above the recommended standard of 27 °C, 5NTU, 500 μS/cm, 100 mg/L, 0 respectively. 

Leachate inputs from trash dumpsites and sewage effluents may have contributed to the relatively high Cl 

concentrations found in this study. These findings suggest that human activity (anthropogenic sources such as landfill, 

leachate, feedlot, or sewage) has impaired the groundwater system as a result of inadequate sanitation, indiscriminate 
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waste disposal, and other factors. All of the cations and anions come from geological sources; as water flows through 

an aquifer, it takes on a certain chemical composition due to contact with the lithological framework (Walton, 1991). 

The hydrochemical facies is a function of the lithology, solution kinetics, and flow patterns of the aquifer and is used 

to characterize groundwater in a water bearing unit. The piper's trilinear diagram was used to classify the 

hydochemical facies of the groundwater in the study area based on basic geochemical features of constituent ionic 

concentrations. The groundwater is in zone 4, which means it contains strong acids (SO4 + Cl) exceed weak acids 

(CO2 + HCO3), and subzone 9 where no one cation-anion pair exceeds 50% (Fig. 9). The concentrations of major 

cations are in the order of Na > K >Ca > Mg, while Cl> HCO3> SO4>NO3 for anions.  

 
Table 9. Multi-criteria parameters for groundwater assessment in the study area 

S/N. Factor/Attribute Magnitude/Domain of 

Influence 

Weight Relative Weight 

1. Aquifer/Overburden Thickness 0-12 1 30% 

10-25 2 

Above 25 3 

2. Nature of the Aquifer (Weathered 

Layer/Fractured Basement) using 

resistivity values 

1-100 1 40% for 

fractured aquifer 

depending on its 

density and 30% 

for weathered 

layer 

101-250 2 

251-350 3 

351-500 5 

501-750 4 

751-1000 2 

Above 1000 1 

3. Bedrock Depression and Gradient Ridge 1 15% 

Pediment 3 

Depression 5 

4. Hydraulic Property (Transmissivity m2/d) 0-5 1 15% 

5-10 3 

10-20 5 

 

Groundwater Potential: On the basis of the overburden thickness, nature of the aquifer using resistivity values, 

bedrock depression/gradient, aquifer borehole hydrogeological information and hydraulic property, the groundwater 

assessment of the study area was done, by attaching different scores and weights to these parameters. The data sets 

were imported into the Surfer 13 software for storage, then weights were assigned to each parameter (Table 9) and 

distinct scores were assigned to each characteristic inside the parameter. The developed groundwater potential map 

for the research area is shown in Figure 10. The study area is divided into three groundwater potential zones: low (0-

50 percent), moderate (50-75 percent), and high (75 -100 percent). Moderate prospective water bearing units 

represent the majority of the research region (46%) and cut throughout the whole north eastern part of the study area.  

The town's center is dominated by low water potential (which accounts for 44 percent). The remaining 10% was 

made up of places with high groundwater potential. Prolific groundwater zones are advised for drilling or 

groundwater extraction and development, as this is only possible in the southern part of the state with a 10% aerial 

coverage. 
  

4. CONCLUSION 

 

Hydrogeological investigation has been carried out in Erinjiyan Ekiti, Southwestern Nigeria. The study adds to the 

understanding of groundwater planning and development in the area. The following conclusions can be drawn based 

on the results of the methods/techniques used:  

1. Hydrological studies revealed the runoff, runoff coefficient, and expected groundwater contribution to 

recharge gives 925 mm, 61.7% and 300 mm respectively. Hence runoff is expected to be high and overall contribution 

of groundwater to recharge is moderate. 

2. There is dominance of KH and HKH curve types in the area, signifying presence of unconfined/confined 

fractured water bearing unit and weathered layer. The geologic sections revealed that the weathered layer is fairly 

thick; while in most places the weathered layer is composed of clayey sand (aquitard), except a minor portion of the 

south west that is sandy (aquifer). 

3. The groundwater protective capacity varies from poor to moderate and generally weak, while reflection 

coefficient of the water bearing units is very high, implying good yield/prospect.  
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4. The borehole columnar section revealed combined partly weathered layer and clayey-silt-sand mixture 

constitute the major water bearing unit for DBH-1 and clay-silt-sand mixture for DBH-2. 

5. The hydraulic properties through pumping test, shows that the water bearing units fall within soil of clay-

sand mixture depicting semi-permeable soil material depicting fair hydraulic characteristics. 

6. Hydrochemical facies of the groundwater fall within zone 4 where strong acids (SO4 + Cl) exceed weak 

acids (CO2 + HCO3), and subzone 9 where no one cation-anion pair exceeds 50%. The concentrations of major 

cations are in the order of Na > K >Ca > Mg, while Cl> HCO3> SO4>NO3 for anions 

7. All the measured parameters except physical (temperature, turbidity, electrical conductivity, total hardness) 

and biological properties (total coliform, E.Coli) are above the World Health Organization standard for drinking 

water. Consequently, the quality of the water is doubtful and hence may not be safe for drinking purposes. Therefore, 

treating them before use would be expedient. 

From the findings only 10% of the study area (in the southern part) has the capacity of yielding high volume of water 

to the wells/boreholes. As a result, the information presented in this study is vital to the provision, management, 

monitoring, and long-term sustainability of groundwater resources for public health and economic growth in 

Erinjiyan Ekiti. However, more research using more sophisticated approaches, such as remote sensing techniques, is 

recommended to supplement the findings of this study. 
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